Standardised echography is well documented for its use in the evaluation of enlarged extraocular muscles in orbi tal disease, but is still a largely underdeveloped imaging method in Britain. This paper demonstrates the tech nique of muscle ultrasound scanning and the character istic echographic findings in a variety of extraocular muscle diseases, as illustrated by five case reports. The role of echography in the management of such cases is discussed.
Eye (1992) 6, 610-617 muscle studies out of a total of 287 orbital ultrasound examinations carried out in the eye department of Aber deen Royal Infirmary during a 3-year period from 1989 to 1991.
Examinations were performed as previously described.I-3 Instruments used were the Ophthascan-S combined standardised A-and B-scan; more recently, the Ophthascan mini-A was utilised. The A-scan measures the thickness of the four recti muscles and enables the echo grapher to 'tissue differentiate' types of swelling. Bio metry findings were compared with the normal range of figures obtained by one of the authors. \0 B-scan echo graphy presents a topographical and semi-quantitative assessment of the muscles. Both modes were also used to assess the presence of concomitant optic nerve disease, posterior scleritis, engorgement of orbital veins, and pres ence of any orbital mass lesion. Occasionally Doppler ultrasound was employed to detect any increase in orbital blood flow in cases of orbital venous congestion.
Standardised A -Scan ( Fig. 1) The instrument is set at 'tissue sensitivity'.ll Topical anaesthetic is installed, and the probe placed directly on the globe opposite the muscle to be scanned. Measure ments are taken while the patient fixates in the primary position to eliminate changes in muscle size during con traction and relaxation. Thickness of the insertion is first noted and compared with that of the contralateral fellow muscle. Biometry of the muscle belly is taken at its widest diameter, which is ascertained during dynamic examin ation. Reflectivity of the muscle is observed and compared with the normal muscle appearance. If other lesions are suspected, scanning of the orbital fat and measurements of the optic nerve are performed. (Fig. 2) Both longitudinal and transverse (cross-section) scans are The probe is placed on the globe opposite the muscle to be scanned (a). As the beam is swept posteriorly through the muscle length (b and c) the muscle insertion (A) is detected as a thin defect in the echographic trace followed by wider defects in the mid muscle belly (B) and posterior aspect of the muscle (C). The normal muscle appearance consists of a group of medium reflective spikes separatedJrom the surrounding fat pattern by two tall spikes representing the highly reflective muscle sheaths (white arrows). A. D. DICK ET AL.
B-Scan

CASE REPORTS
Case 1: Orbital Myositis
A 50-year-old man presented with a history of an 'inflamed' right eye and on examination had episcleral and conjunctival congestion with limitation of ocular movements. Visual acuity and colour vision were normal. The X-ray appearance suggested a sinusitis, with mucosal thickening, and the CT scan was further suggestive of a 'secondary orbital inflammation' (Fig. 3) . He was treated initially with antibiotics but with no improvement. Sub sequent echography demonstrated significant enlarge ment of the superior rectus/levator complex. The muscle was of low internal reflectivity and there was associated chorioretinal thickening and surrounding orbital tissue oedema (Fig. 4) . The lateral rectus was also thickened. These echographic findings were suggestive of a severe myositis. With steroid treatment his symptoms improved dramatically, with a concomitant reduction in muscle size and normalisation of internal reflectivity on A-scan ( 
Case 2: Thyroid Orbitopathy
A 59-year-old woman presented with a 6-month history of an intermittent red left eye, and the feeling that her left eye was larger. Visual acuity was unimpaired. Exophthal mometry was 22 right, and 25 left. Ocular movements were full. She was biochemically hyperthyroid and was therefore treated with radioactive iodine. The following year she developed an acutely red and chemotic left eye with a slight drop in her vision. Visual acuity was 6/12 both eyes and her Ishihara plate reading was diminished, There is a reduction in muscle size. The internal reflectivity on the A-scan has returned to normal levels (arrows).
but no afferent pupillary defect was noted. There was no change in exophthalmometry readings at the time of echo graphy. Orbital echography demonstrated enlargement of all extraocular muscles, especially the left inferior and medial rectus. Reflectivity was normal (medium height) (Fig. 6 ). There was evidence of orbital venous congestion by the presence of an enlarged orbital vein on B-scan of the left eye. The muscle bellies were swollen to the orbital apex and optic nerve measurements demonstrated a swol len left optic nerve (3.7 mm in primary position and 2.7 mm at 30° of abduction), which is consistent with acute optic nerve sheath thickening in Graves' ophthalmopathy. Optic nerve scanning has been described previously by one of the authors.12
Case 3: Lithium Orbitopathy
This 76-year-old woman presented with a history of per sistent chemosis. She was otherwise well except for a seasonal affective disorder for which she was taking lith ium. Echography demonstrated uniform enlargement of the extraocular muscles, maximal at the muscle belly, with medium to medium-high reflectivity (Fig. 7) . There was no evidence of any orbital apex lesion, which was con firmed by CT imaging. She had a raised level of thyroid stimulating hormone, but normal thyroxine levels and no thyroid autoantibodies were detectable, consistent with lithium therapy. A diagnosis of lithium-induced orbito pathy was made (there was no other clinical evidence of Graves' disease), and the muscle thickness and chemosis returned to normal after cessation of lithium therapy.
Case 4: Orbital Apex Syndrome
A 46-year-old man presented with a 48-hour history of a painful red left eye. On examination his visual acuity and colour vision was unaffected. There was no relative affe rent pupillary defect. All pursuit movements were severely restricted and the conjunctiva was engorged. CT scanning was suggestive of sinusitis with thickened muco sae (Fig. 8) . He was treated initially with antibiotics but without any improvement. Ultrasonography was then per formed. The recti muscles were all uniformly enlarged with normal reflectivity, and there was an enlarged orbital vein consistent with secondary orbital venous congestion (Fig. 8) . The optic nerve was also enlarged on echography, with a positive 30° test (as described in case 2), suggestive of a fluid-filled optic nerve sheath. These echographic changes were consistent with an inflammatory orbital apex syndrome (Tolosa-Hunt). Steroids were thus intro- duced with a subsequent rapid normalisation of the clini cal signs.
Case 5: Pansinusitis
An I8-year-old man presented with a 2-day history of left ocular pain and diplopia. His vision was unaffected. He had a marked hypotropia and restriction of elevation and depression of his left eye. There was 2 mm of proptosis on the affected side. The conjunctiva was minimally injected, and ocular examination was otherwise unremarkable; in particular no optic nerve abnormality was found. Echo graphy demonstrated a large left superior rectus of normal reflectivity, thus excluding myositis (Fig. 9) . CT imaging did provide evidence of a pansinusitis (Fig. 9) . Following antral lavage and antibiotics the proptosis and ocular movements returned to normal. Fig. 10 . A-mode echography of recti muscle. The muscle is enlarged, with a diameter of 6.6 mm. The reflectivity is also increased, suggestive of chronic fibrosis of the muscle in long standing Graves' ophthalmopathy.
DISCUSSION
During the 3-year period, 78 abnormal muscle studies were recorded, out of a total of 287 cases referred for orbi tal echographic examinations (27%). Although this figure is lower than the 35% quoted by Ossoinig,13 it still repre sents a significant number of muscle disorders causing signs and symptoms of orbital disease, for which echo graphy was requested. As expected thyroid orbitopathy constituted the commonest cause of enlarged extraocular muscles.13 Orbital myositis and other common disorders demonstrated by echography in our unit are listed in Table I . Thyroid orbitopathy is characterised by the enlarge ment of several muscles in both orbits, even if only one orbit is clinically involved. Any muscle can be affected.14,15 Muscle thickness tends to vary with the chronicity of the disease to a greater degree than can be explained by observer variation. Muscle insertion is normally spared. Enlargement of the muscle is maximal posteriorly in the muscle belly. Reflectivity of the muscle is either normal or increased, especially in the later stages of the disease, when fibrosis ensues (Fig. 10) . However, at this stage of the disease scanning may become technically difficult because of the similarity in reflectivity of the fibrotic muscle and surrounding orbital tissue. Other orbi tal findings in active Graves' ophthalmopathy include widening of the fat pattern and demonstrable orbital veins, which are mainly situated nasally in the orbit. In com- pressive cases the optic nerve diameter increases, as described in case report. 2 Orbital myositis is typically a single muscle disorder. All muscles are susceptible however, including the obliq ues,16 although this was not found in our study. Prominent swelling of the insertion and the reduced reflectivity of the belly of the muscle (presumably due to the cellular infil tration and oedema) are the most characteristic features. Other findings that may be present are posterior scleritis adjacent to the muscle involved and an inflammatory pseudo-tumour mass. Inflammatory spread to the retro bulbar optic nerve sheath can also be seen in some cases, giving rise to the characteristic 'T' sign. Systemic steroid therapy produces a profound reduction in muscle size. In our experience and that of others5•13 it is advisable to titrate the steroid dose against the resolving echographic appear ance, thus preventing unacceptable relapses on reduction of steroid therapy.
Congestive orbital disorders produce 'passive swelling' of all the muscles in the orbit, with no change in reflectiv ity. One or more of the following abnormalities are usually seen to help confirm the diagnosis. These include an enlarged orbital vein, fluid distension of the optic nerve sheaths, widening of the fat pattern and abnormal Doppler responses of orbital blood flow. Typical examples of such disorders include arterio-venous fistulae in cavernous or dural sinuses, orbital apex or Tolosa Hunt syndrome and middle cranial fossa mass lesions. If suspected, computer ised tomography or magnetic resonance imaging tech niques must be employed for a full assessment to be obtained.
In the majority of patients, echography alone was suf ficient in reaching the diagnosis. When other diagnostic features were absent echography isolated the muscle(s) involved and directed the clinician to further investiga tions or imaging methods in order to obtain a diagnosis. CT scanning was employed to demonstrate suspected A. D. DICK ET AL.
intracranial lesions associated with orbital disease and to confirm the presence of paranasal air sinus infections. In some cases, however, CT scanning failed to highlight the enlarged muscles and in addition failed to demonstrate other echographic findings such as engorged orbital vein, thickening of the retinochoroidal layer, posterior scleritis and optic nerve swelling. Table II summarises the echo graphic features of the common causes of enlarged extra ocular muscles.
To conclude, standardised echography is an extremely useful diagnostic tool for establishing the diagnosis in extraocular muscle disease. It also provides a safe and cost-effective means of serial examination of the orbit in thyroid orbitopathy, in order to assess disease progress and the presence of any concomitant optic nerve compression. In orbital myositis, serial assessments are used in order to titrate the steroid dose. As an imaging technique by itself, echography is adequate for establishing a diagnosis in many cases and may also be used as a method of screen ing, obviating the need for other, more expensive imaging techniques.
